Background: The study objective was to examine the relation between combinations of chronic conditions in the same person and the volume and variety of health care utilization. Methods: Analysis of continuous Netherlands Health Interview Survey data (1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997). The study population consisted of adults (16 years and older) reporting at least one chronic condition from the following six disease clusters: musculoskeletai diseases, lung diseases, neurological disorders, heart diseases, diabetes, and cancer (n=13,806). Health care utilization is categorized in terms of contacts in the preceding year with a general practitioner (GP), medical specialist, physiotherapist, home help and/or home nursing, and hospital admission. Utilization was adjusted for age, gender and year of interview. Statistical methods used are contingency table analysis and (logistic) multiple regression. Results: Almost one-fifth of the study population reported more than one chronic condition. Musculoskeletal disease, in addition to being the most common single condition, was found to be the condition most likely to occur with one of the remaining five disease clusters. Seven per cent reported not having used any services at all. Two-thirds of the study population used at least two different services in the previous year. In contrast, 26% of the study population reported comprehensive utilization patterns (GP and/or home care and/or physiotherapist and/or medical specialist and/or hospitalization: minimum of three types). Persons with more than one chronic condition reported having used more services, in terms of volume and variety, than those with only one condition. Conclusions: There is a strong association between comorbidity and the volume and variety of health care services that are used. Since many people have comorbid conditions, their use of health services is more complex than would be suggested by a one-disease approach. New disease management systems need to be developed to reflect the multiplicity of health care needs of the growing number patients with more than one chronic condition.
comor bidity, defined as the concurrence of multiple health conditions in the same person, has been reported in a variety of studies to be associated with an increase in the costs and utilization of health services. 1 " 5 For example, comorbidity has been shown to elevate the costs of continuing care among patients diagnosed with either cancers of the colon, prostate, or female breast and for diabetic patients. 6 ' 7 Comorbidities also have been shown to increase significantly expenditures for extra hospital inpatient days as well as home health care for patients with diabetes. 8 In addition, the length of hospital stay for patients with either myocardial infarction or stroke with comorbidity was greater than for patients diagnosed with the same conditions but without comorbidity. 9 "" Although the overall costs and length of stay are greater for patients with comorbid conditions than for those without, patients with comorbid conditions are less likely than others to receive standard therapy for their index condition and to receive treatment for unrelated disorders. Although most studies in this area are based on summary measures of overall comorbidity, there is a growing interest in examining the effects of particular combinations of health conditions. 18 To date, combinations of conditions have been examined with reference to the risk of disability.
These studies showed higher disability risks in case of comorbidity. In addition to studies of disability, Fleming et al. 22 showed that specific combinations of comorbid conditions in patients with breast cancer reduced the chances of survival. Although less attention has been given to the effects of specific comorbid combinations on the utilization of health services, there are some notable examples of research dealing with 'case-mix'. Weiner and colleagues, for example, provided a foundation for subsequent work in this area with the development of a populationoriented measure of ambulatory care case-mix. The Ambulatory Care Group (ACG) system, as proposed by Weiner and colleagues, is designed to predict a person's utilization of ambulatory health services based on that person's age, gender, and clusters of diagnoses recorded over a specific period of time. This approach is used to examine the effects of combinations of conditions across EUROPEANJOURNALOFPUBLICHEALTHVOL.il 2001 NO. 4 a full range of health services. Research in that area, in turn, will expand our understanding of 'episodes of care' i.e. the full range of primary and secondary services that are used in particular encounters or 'episodes' to address specific combinations of health conditions. Another example of work in this area was conducted by Elixhauser and colleagues. 25 In this study the effects of specific comorbid conditions on hospitalization, length of stay, costs and mortality were examined. This study did not investigate whether the effects of specific comorbid conditions varied across patient groups diagnosed with different conditions. Moreover, this study did not include other forms of health service utilization beyond hospitalization. Dutch studies indicated that people with particular chronic conditions were likely to use specific types of health services. 26 ' 27 It is reported that contacts with specialists and hospital admissions were highest for cancer patients and severe heart patients and relatively low for people with musculoskeletal disorders and lung diseases. In contrast, people with musculoskeletal disorders were more likely than others to receive care from physiotherapists. Finally, long-term care was most likely to be used by people with neurological disorders. These studies did not examine whether specific combinations of comorbid conditions were associated with particular types of health services. Comorbidity appeared to increase the use of medical care as well as long-term care. Research in this area is needed for several reasons. First, the prevalence of comorbid conditions is expected to increase with the ageing of the population. Second, patients with specific patterns of comorbidity may have particular health care needs and may require specific combinations of health services. New designs for the delivery of health care and disease management among people with comorbid conditions may be suggested by this research. The purpose of the current population-based study is to examine the relation between patterns of comorbidity and the volume and variety of health care utilization. Three questions will be addressed.
• First, what are the effects of comorbidity on the number and patterns of health service utilization, compared to the effects of single conditions, i.e. monomorbidity? • Second, what are the comorbid combinations that lead to the greatest level and variety of health service utilization?
• Third, what are the service planning implications of comorbidities in an ageing population?
METHODS

Study population
Data were obtained for the years 1990 to 1997 from the continuous Netherlands Health Interview Survey, which provides information on a two-stage probability (noninstitutionalized) sample of Dutch households.-^ The average non-response rate was about 40%, mainly because people refused to participate, were not at home (in spite 9 of revisits), or were 'unable to participate'. Despite this non-response rate, the sample appeared to be representative of the non-institutionalized Dutch population based on age, sex, marital status and region. The average annual number of respondents was 6,916. In the present study, data on persons aged 16 years and older, over the eight-year period were included. The final database contains data from 13,806 respondents who reported at least one chronic condition (defined below). This selection accounts for 25% of the total survey sample (1990-1997; n=55,332) .
Chronic health conditions
Respondents were asked whether they suffered from one of 24 conditions in the 12 months prior to the interview. Following the recommendation of the Dutch Advisory Council on Health Research (Raad voor Gezondheidsonderzoek), six major clusters of conditions, including thirteen from the initial twenty-four conditions listed in the health interview survey, were selected for analysis. These six should be given priority for future research, because of their prevalence, associated risks for disability and/or death, and associated health care costs and utilization. 29 " 31 The six clusters of conditions included musculoskeletal diseases, lung diseases, neurological disorders, heart diseases, diabetes, and cancer. Musculoskeletal diseases were defined as severe back problems, longer than 3 months, or slipped disc; osteoarthritis of knees, hips, or hands; arthritis, rheumatoid arthritis of hands or feet and other chronic arthritis of joints. Lung diseases are defined as asthma, chronic bronchitis, and chronic obstructive pulmonary disease. Neurological diseases are defined as epilepsy, dizziness with falling, and stroke. Heart diseases are defined as severe heart problems and myocardial infarction. Cancers are defined as cancers or neoplasms of any form or anatomic site. Results from validity studies suggest that there is some variation between health conditions reported by subjects and the conditions found on medical records. 3 In general, the more serious the condition, the greater the correspondence. It has been argued that this may be due to the fact that the most serious chronic diseases are usually diagnosed to clear diagnostic criteria.
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In our study, comorbidity is defined as the concurrence of multiple health conditions in the same person stemming from more than one disease cluster. For example, slipped disc and rheumatoid arthritis was counted as monomorbidity, but slipped disc and chronic obstructive pulmonary disease was deemed comorbidity.
Health care utilization
Respondents were asked about their use of health care during the previous year. In the Netherlands, all citizens are registered with a general practitioner (GP). The GP is the first contact and gatekeeper to the health care system. Referrals are, in the majority of cases, made through GPs. All publicly insured -approximately 65% Downloaded from https://academic.oup.com/eurpub/article-abstract/11/4/365/520078 by guest on 28 December 2018 of the population -can only consult a specialist after GP referral and only a minority of the privately insured 'bypass' their GP. 36 Health care use in the Netherlands Health Interview Survey is categorized in terms of contacts in the preceding year with the following five sources of health care: GP, medical specialist, physiotherapist, home help and/ or home nursing, and hospital admission. Questions about home help and home nursing were changed for 1995, therefore rendering the data incomparable to the data from the other years. Consequently, the 1995 data were used only to analyse comorbidity patterns, and were excluded from analysis of the observed utilization patterns. Exclusion of the 1995 morbidity data did not change the comorbidity patterns. The five variables indicating utilization were summarized into the following two outcome measures: i) volume of utilization and ii) variety of utilization. The volume of utilization was assessed in terms of the number of different health services used (range: 0-4). The variety of utilization was measured in terms of the specific combination of health care types. Five categories were used:
• No services, • Primary Care (GP and home care and/or physiotherapist; minimum of two types), • Medical Care (GP or medical specialist), • Clinical Care (GP and/or medical specialist and/or hospitalization; minimum of two types), • Comprehensive Care (GP and/or home care and/or physiotherapist and/or medical specialist and/or hospitalization; minimum of three types).
Statistical analysis
The analytical plan included several steps. First, basic characteristics of the study population were computed, including the distribution of gender, age, chronic conditions, comorbidity patterns, and volume and variety of health care utilization. Second, the association between the number of chronic conditions per person (1, 2 or 3 and more) and the number and variety of health services is examined. In this section we use Sotners' d statistic. This statistic is a measure of association between two ordinal variables that ranges from -1 to 1 and is appropriate for predicting column categories (utilization) from row categories (health conditions). Following this, the results of a multiple linear regression are presented, showing the independent effects of age, gender and chronic conditions on the volume of utilization by the respondents in the previous year. Chronic conditions were included in the model in two ways; as each condition separately and as interaction terms, including the most prevalent pairs of health conditions. Finally, by means of cross-tabulation the association between specific (co)morbidity combinations and the variety of health care utilization is examined. Deviating cells (values of 25% above the column average) are highlighted. By means of a logistic regression, it was investigated whether or not monomorbidity versus comorbidity is associated with use of comprehensive care.
These analyses were done to investigate the statistical basis and significance of the observed patterns of care (table 4) . For this purpose, the health care utilization categories were regrouped into 'comprehensive care' versus the remainder: 'no services' through 'clinical care'. Age, gender and year of interview were entered in the equation to adjust the results for case mix and to monitor the effect of differences in time between the various interviews. Because we had no reasons to expect that the association between (co)morbidity and utilization deviates from a monotonic relationship, we treated 'year of the interview' as an interval, and refrained from introducing another set of six dummy variables.
RESULTS Table I provides descriptive information about the selected respondents with at least one of the six chronic conditions (n= 13,806). Not surprisingly, older persons and female respondents were the most likely people to report chronic conditions. Eighty-one per cent of the sample reported having only one of the six conditions, with musculoskeletal and lung diseases being the most prevalent single conditions. Just over 19% of the full study sample aged 16 and over reported two or more conditions. Moreover, almost 13% reported having one of five different pairs of conditions. Each of these pairs consisted of musculoskeletal disease and one of the remaining five conditions. Six per cent of the sample reported having one of 39 other combinations of conditions, the three most common combinations being lung diseases + musculoskeletal diseases + neurological diseases (n=73); lung diseases + heart diseases (n=68) and lung diseases + neurological diseases (n=59).
Half of the remaining group consisted of combinations of two diseases, the other half of three or more diseases. Table 1 continues with a description of health care utilization. Eighty-five per cent visited their GP in the year preceding the interview; 60% contacted a medical specialist, while almost 9% of the sample received home care and 30% went to a physiotherapist. One out of seven respondents (14%) had at least one hospital admission in the preceding year. Almost 7% (n=8O7) of the population with a chronic condition reported not having used any of the named health services. Of these, 746 reported only one chronic condition; 62% musculoskeletal diseases and 20% lung diseases. Thirty per cent of the sample reported having used three or more different types of health services in a single year. The most common utilization patterns were 'GP and/or medical specialist and/or hospital admission' (32%), labelled as 'clinical care'. Table 2 reports the relationship between utilization patterns and the number of chronic conditions. In general, people who reported more chronic conditions used a greater variety of health services, i.e. 'comprehensive care' (Somers' d =0.22, p<0.01). (n=6,841) . In all models, adjusted for age, gender and calendar year, subjects with single, index conditions (monomorbidity) were less likely to use comprehensive services (negative coefficients). On the other hand, those subjects with pairs of conditions were more likely to use such services (positive coefficients). However, the associations between disease pairs and the use of comprehensive services were not statistically significant for the combinations MD + CC and MD + HD.
CONCLUSIONS
The prevalence of comorbidity, as shown in previous reports, is strongly associated with chronological age, especially among women. The number of comorbid conditions, often presented as 'disease pairs', is related, in turn, to both the number and mix of health services used by people in the Dutch population. Moreover, just as specific combinations of comorbidity have been shown to be associated with particular forms of disability, 18 the results presented here indicate that specific combinations of comorbid conditions, from different clusters of disease, are associated with particular patterns of use of health services. Musculoskeletal diseases, one of the most prevalent clusters of chronic conditions, was shown often to occur in combination with other health conditions, such as lung diseases and neurological diseases. More important, the presence of musculoskeletal diseases, in conjunction with another chronic condition, increased the likelihood that home care and a physiotherapist were used in addition to clinical services. Specifically, people who reported a specific, single chronic condition (i.e. neurological diseases, heart diseases, diabetes, or cancer) in the previous 12 months were likely to have used clinical services, defined as a general practitioner and medical specialist associated with hospital admission. However, Table 3 Multiple linear regression with independent effects of age, gender, and (combinations of) chronic health conditions on the number of health services used in the previous year: Netherlands Interview Surveys 1990 , 1995 . 11 2001 NO. 4 people with musculoskeletal diseases, in combination with one other chronic condition reported using clinical services as well as home care and a physiotherapist, the complete set of services defined here as 'comprehensive care'. When looking at the health services used, it is striking that 7% of the persons with at least one chronic condition did not use any of the services at all. This might be due to the intermittent character of symptoms (e.g. in case of asthma, osteoarthritis). Medical care (GP and medical specialist) was used most frequently. Furthermore, looking at utilization patterns, strikingly few people have the pattern 'GP only' (21%). For the Dutch health care system, where the GP acts as the gatekeeper of the system, referral to other more specialized services appeared to be the rule rather than the exception. Furthermore, only 14% of the sample reported having been admitted to hospital. Apparently, most people with chronic conditions use outpatient or ambulatory health services. Although these people might be expected to be high users, the patterns of health services used show that only a minority of them used comprehensive care.
These results may have important implications for establishing the need for particular types of health services in the Dutch population. For the year 2015 it is estimated that, given demographic changes, comorbidity in the Dutch population will rise from 4-7 to 5.7%. It seems reasonable to conclude that policy decisions about the distribution of resources should not be based solely on the prevalence of separate chronic conditions. Comorbid conditions also need to be considered. Based on the results of this study, it appears that an assessment of the need for home care and physical therapy for patients with neurological diseases, heart diseases, diabetes, or cancer would be underestimated, if the prevalence of comorbid musculoskeletal diseases was ignored. In addition, if people with particular comorbid conditions do, in fact, require specific combinations of services, future evaluations should assess the ease with which that mix of services can be provided.
Although these results suggest certain actions, it is important to emphasize that the model used to explain the number of services accounted for only 7% of the variance. A more detailed investigation is required. To obtain more precise estimates, it will be necessary to include information about the seventy of each condition. Severity could be assessed either in terms of the stage of pathology at diagnosis or associated impairments or functional disabilities. It also will be necessary to examine this issue in other populations, including other countries with different systems of health care delivery. In the United States, for example, it would be useful to examine this among members of large health maintenance organizations.
In our study, we used data from the continuous Netherlands Health Interview Survey, so that institutionalized persons -approximately 1.5% of the Dutch population in 1997 -were not interviewed. As a consequence the prevalence of comorbidity in the Dutch population and the effect of comorbidity on health care utilization is underestimated in the current study because use of the most comprehensive care, i.e. living in a nursing home, could not be considered. Finally, the prevalence of comorbidity in the Dutch population may be underestimated because we applied a conservative definition of comorbidity: multiple conditions within disease clusters were defined as monomorbidity.
Future studies in this area should include more detailed estimates of health care utilization, e.g. number of visits and hospital admissions and length of hospital stay. This information will provide a more complete understanding of the 'episodes' of care. Furthermore, research that looks into the cost effects caused by different utilization patterns of comorbid patients needs to be undertaken. The predictive power of the empirical models could be improved by using an approach that focuses on more limited patterns of ill health and health service used.
In conclusion, there is a strong association between comorbidity and the volume and variety of health care services that are used. This has important implications for the design and evaluation of systems of disease management. A categorical, one-disease approach, which is common in disease management and in the organization of 'transmural' care (e.g. outpatient hospital services), does not reflect the health status of a substantial number of people. As a result of the ongoing ageing of the population -the group of elderly (60 years and over) is expected to grow from 22% in 2000 to 33% in 2050 in the European Union -increasing numbers of people are expected to have comorbid conditions in the near future. Accordingly, the use of health services of a growing share of the population will be more complex than is suggested by a one-disease approach, underestimating the health needs of the population. New disease management systems need to be developed to reflect the multiplicity of health needs of people in the real world.
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